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made with kit= and could not have been obtained in 
the c a b  air which occurs with inversions. Thus it 
appeara that the results obtained by Doctor Meisinger 
for the two stations in guestion can not be accepted 
without further investigation. 

If these data be rejected then the variations in Mei- 
singer's coefficient a are so insignificant that the char- 
acteristic features of his c h d  disa ear. This would 
in fact be an advantage;. for a generafformula applicable 
to all parts of the repon would be preferable to one 
suitable only for use mthin narrow huts. 

I trust that Doctor Meisin er will find an opportunity 

uestion and that he wil l  let it be known how the anom- 
!lous figures are to be explained. 

to reexamine the results w B ich have been called in 

consideration and constructive criticism he K as given 

This reexamination of t E e data which 

DIBOUSBION 

I am very greatly indebted to Doctor Whip le for the 

my article. Only the pressure of work relative to field 
activities of the Weather Bureau revents me from 
attacking the problem from Doctor hi ple's point of 
view at once. 
he has suggested must necessarily be deferred for several 
months. 

gratifying thing about the c.riticism is that 

constant a over the country. %n page 446, second and 
third paragra hs of my paper now under discussion,5 

the tone of finality to the explanation of the empirically 
determined eographical distribution of this constant. 

suggestions ma help to ferret out the reason for the 
anomaly. Whire it is true that two of my values exceed 
that given by Doctor Whipple as a maximum, I may 
sa that I have the utmost confidence in the arithmetical 

E t  is, therefore, a matter of the keenest interest to me 
to approach the same body of data from another point 
of view.-C. Le Roy MeiRinger. 

it The points veT t e way to a more e uable distribution of the 

the reader w i  B observe that no effort was made to give 

It was con B essedly anomalous and Doctor Whipple's 

c 9 culations by means of which those values were derived. 
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PROBLEMS OF T H E  LOWER COLORADO RIVER 

By JAMES H. GORDON 
1We8ther Bureau, Yuma, Anz.. December, W231 

The lower Colorado River is roughly defined a s  that 
portion of the stream below the 500 foot contour. It 
embraces some 350 miles of channel extending from tbr 
southeastern corner of Nevada to the Gulf of California. 
dlong the lower third of' this distance the river floij-s 
through its delta. It is in this delta country that most 
development has taken place and here, naturally, most 
of our problems have arisen. 

The Colorado River as i t  comes to us out of the hills 
is a quiet and naturally law-abidina stream 10 months of 
the year. For the other two montgs it ceases to be quiet. 
and is law abiding only because of strong levees t-hat 
hold i t  in restraint. During this eriod. the time of the 
s ring floods, it becomes a powerfur turbulent river. I t  is 
g e n  a threat against every bit of development along its 
banks. 

There is but one important tributary entering the 
lower Colorado. This is the Gila River. It is a typical 
southwestern stream flowing "sandy side up" most of 
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the time but capable of staging floods of very scrioue 
roportions occasionally. Fortunately, these floods come 

%mng the winter months and within the memory of 
man, at least, have never coincided with hi h water in 
the Colorado. 
working streams. Joining just above Yuma they bring 
down in an average year some 6,000,000 carloads of silt 
and sand, a hundred t,housand acre-feet of soil, for their 
delta building. 

Having this introduction to the river itself we may 
turn to its problems. One of them is of especial interest 
not only because of its importance to the delta country 
but because it is unique among the river problems o* 
the United States if not of the world. The problem is 
best understood if traced back t 0 . h  beginning. The 
beginning was a good many thousand ears ago, about 

the north and joined forces with the Gila a t  Yuma. At 
that time the Gulf of California extended some 150 
miles north of its resent limits with an eastward exten- 

a.rm of the Guyf the Colorado and Gila poured tsheir 
muddy waters. (See fig. 1.) 
In the long period of time which followed .the rivers 

brought down many hundreds of cubic miles of rock and 
sand and mud! the scourings of the Grand Canyon and 
the ten thousand lesser gorges, and the wa.sh-off from 
3.40.000 square miles of territ.ory. The delta grew m d  
filled in the eastern arm of the Gulf. The Colorado and 
Gila became one river and ushed the deltu head farther 
and farther out until it reac r led clear to the western shore: 
h i l t  it u uiitil it formed a dam cutting off the northern 

wits a good many tliousand pears ago and the river has 
kept on buildin . To-dar the dam, above sea level, is 

River lies between the twin crests of this delta cone 
more than 30 feet above the sea. It turns to the left 
toward the Gulf, 50 miles kway. To the right lies the old 
sea bed, the Sulton Basin, its lowest poilit more than 300 
feet below the river level and but 70 miles sway. (See 

One must wonc1e.r that. the, river takes t.he sluggish 
may to the Gulf instead of a grade nearly ten times as 
deep into Salton Basin. It is true that now there are 
levees to prevent. it.s turning north, but lone before the 
levees were built, the river was taking &e sluggish 
course rather than the steep one.. 

There is little question that the Colorado Itirer has 
flowed into the Salt.on Basin a number of t,imc.s durin the 
last 10,000 years, turned from the Gulf t.0 the 01 ff sea 
bed. Such a change stim one's imagination. There 
would be the gradual reparation. t8he south side of the 

layer of silt, t,he nort,h bank cut. increasinaly by overflow 
at flood'time; then finally at some higx water a cut 
would reach back clear t h o u  h the north bank to the 

grade and turn roaring onto the desert. It would be 
something to see, this turning of a mighty river into the 
dry, barren old basin, the growth of H. sea in the desert,, 
the blott,ing orit of a. million mrcs of sand. In 30 or 40 
years the basin would be full to the brim, probably with 
an outlet to the Gulf to carry off the high waters of 
Rood time. But the grade would be gone. Instead of 
roaring out onto t,he desert the river would flow sluggishly 
into a quiet sea to dro its load and start. in again on the 
oldAbusiness of delta !uilding. With the passing years 
thepiver would shift back and forth, east and west, as a 

Both the Gila and Colora d o are hard 

the time the Colorado River emerged 9 rom the hills to 

sion to the nei h E orhood of Yuma.. Into this eastern 

section o fp  the Gulf from t,he ocean. (See fig. 2.) This, too, 

nearly :I hundre If miles wide. The. course of the Colorado 

fig. 3.) 

river building up a litt. P e higher each yesr with an added 

main channel, the river would P eel the urge of the steeper 
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delta cone became a dam and the river sought an easier 
channel. It is hard to sa how long this would take, the 
building up of the norti 3 bank to t.he danger point, 

FIG. l.--oulf of California nnd ndjaront country several thousand yeam ago 

probably three or four hundred years at least. Eventii- 
ally, inevitabl , a t  some high water a break would come in 

river would turn a ain toward the Gulf. to start the 

Somet fl mg less than a thousand years ago, geologists 
tell us, the last shift into the south took place. For 
many gars the Colorado River had flowed into the 
Salton asin. Indian villa ea lay along its shores, the 

ing up of the north bank being sufficient, the river turned 
south and the desert crept back as the sea shrunk away 
to nothingness. It was a great catastrophe to the 
fisher peo le. Thev were driven away to find other 
homes. &aces of the old villages still remain. 

For nearly a thousand years the Salton Basin lag 
empty, a sun-baked, barren desert (fig. 4). So white 
men found it and hated its glaring desolation. Some 
70 years ago an Army engineer roposed to re-create 
the sea, to turn the Colorado rp iver into the Salton 
Basin again. His plans came to nothing but other 
men came after him with other plans. It was 50 years 
before tlie plans bore fruit. Twenty-two years ago men 
turned the waters of the Colorado River back into the 
Salton Basinland a sea appeared in the desert. But 

the south ban c , for any grade is better than none, and the 

dammin process a1 B over again. 

eople livin by fishing an f growing corn on the over- 
8ow land fo % owing each high water. Then, the build- 

this was not like the sea which had evaporated a thou- 
sand years before. It was a sea of green, miles and miles 
of alfalfa fields, thousands of ac.res of cotton and grain, 

eat acreas of melons, vineyards, truck farms, and 
kits. cities p e w  up in the midst of it. m e  new 

rbably a 
sea in the desert supports a PO dation 
hundred times as great, as the f ndian vi ages could 
boast. More than three-quarters of a million acres of 
land have come under cultivation. 

The Colorado River flow- 
ing alon the crest of a ridge turns to the left to follow 
a sluggi& way to the Gulf. To the right is the Salton 
Basin, its lowest point but a little farther from the river 
than the Gulf and offering a drop ten times as great. 
Now tlie old sea bed is not a hated desert to be gratefully 
blotted out by a new sea but a rich y u l t u r a l  empire 
worth a hundred millions of dollars an providi 
for 50,000 people. It is one of the ironies o nature 
that the Colorado River drove man from the Salton 
Basin a to the Qulf 

Here then is our problem. 

? homes 

,-$-'p 0 . 10 ?- 

FIG. 2.-hter c h a m  in the Gulf of California and adjacent country. (@en flg. I.) 

out the desert of yesterday. This is the g e a t  problem 
of the lower Colorado, the problem of a river tremen- 
dously powerful during ib annual flood period r d y  with 
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Fro. 4.-A sand-hill area 5 miles wide and 40 miles long marks the eastern boundary of the Salton Sink 

h ~ .  5.-Trying to check the break of 1905. It was finally closed at a cost of over 
8,000,000 

FIG. &-During the break of 1905-6 the New and Alamo Rivers cut back from 
north toward the Colorado .forming channels 50 to 60 feet deep 

FIG. 7.-West hank of the New River Canyon 44 miles west of Brawley Calif August 
30,1806. This canyon was created by the b;eak of 1905-6 and is nearli 70 maes long 
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the preparation of a thousand years to turn its flow back 
into the old sea bed. 
In former times man was powerless before the river; 

now with the weapons of our modern civilization at  his 
hand man is no mean adversary even for the mighty 
Colorado. In 1905 the river tore away the intake of 
the Imperial Irriuation Co. Canal and sent its whole 
flow into Salton ?bk. After 16 months of effort the 
break was closed et a cost of over $2,000,000 and the 

tore away 

At least the levees held. But the line was too dangerous. 
A breakbin the Volcano Lake defenses would send the 
river into the channel of the New River, already deep 
scoured by the break of 1905 (fig. 7.) 

During the low water eriod which followed a flank 

8 miles east of Volcano Lake a cut 4 miles long was 
dred ed in the south bank. iercin the broad crest of 

fill dam was thrown across the old channel forcing the 
river into the new. This area south of the river was 
normal1 flooded by overflow at high water and a drainage 
system t a d  developed known as the Pescadero River. 
It was hoped that. the Colorado would take one of the 
tributaries of the Pescadero, scour it out and make a 
ood channel through from the cut to the Hardy Colorado. hs new channel would shorten the distance to the 

Gulf b several miles, offer H, somewhat better grade than 

the north bank for a number of years. 
The high waters of 1922 and 1923 were carried success- 

fully but the hoped-for channel had not been made. 
Instead the river, following its old custom has spread out, 
lost velocity and is building up a delta at  the southern 
end of the cut. In 1923 gage 
were a foot hi her than for the 
Levees, discar % ed for new lines, 
1922 were overtopped in 1923. This is a brief history of 
the problem to date. There haa been no break into the 
Salton Basin since 1906 but at  every high water there is 
threat of one. On the holdin of a long, thin line of 

mite-faced levees depends t a e safety of the Salton 
L i n  country. 

A break would be a very serious matter. That of 1905 
cut a network of channels which converged into the New 
and Alamo Rivers. The channels of these rivers scoured 
back from the north to a de th of from 50 to 60 feet, the 
New River to near Volcano E ake and the Alamo to near 
the international boundary. A new break if it cut one of 
these channels back to .the main river would offer a 
tremendous problem. The cut if long unchecked would 
work back up the river for miles dropping the river level 

attack was made on the 8 olorado. At e favorable point 

the % elta cone and reaching Y B  ower and. A strong r0c.k 

the 01 1 c o m e  and, it was expected, relieve the strain on 

gthe secGty Of 

deep cut channels o P one break only make the threat of 

sand a ear, a B undred thousand acre-feet of damming 

solved. Each year t % e threat of diasaster IS renewed. 

many feet, quite possibly threatenin 
Laguna Dam. To turn the flow sout again the river 
would have to be dammed and lifted up out of this deep 
channel. In a land of bottomless silt dam building under 

posing the break sto ped our problem is not solved. Even sx the most favorable circumstances is not easy. 

another more menacing. So the matter stands. The 
river is bringin down ita 6,000,000 carloads of silt and 

materid During the last ear engineers, to balanm this, 
threw in 6,000 carloads o?rook to keep their linea safe. 
The problem is bein met and met bravely but it is not 

Y A L E  OP Y l U C  

I I 
0 10 I D  .e .D 

FIG. 3.-Giilf of Cdlfnrnia and adfmnt country to-day. (Sea Ugs. 1 and 2.) 

This is our chief problem of the lower Colorado. 
Others are secondary. This is a roblem of floods. 

feet of water go tearing by to the Gulf, utter waste, the 
Colorado has ceased to be a big river. Quite a number 
of times in the last 20 years it has become so small a 
stream that the entire flow reaching the Imperial Canal 
(fi . 8) intake fell below present irrigation demands. 

mum flow of the river. Construction of the all-Amer- 
ican Canal is held not justified under this limitation. 

The floods of 
t,he Colorado come at  a definite time each year. Every 
yearzthe organization is ready-men, cars, locomotives, 

Oddly enou h one of the others is lac R of enough water. 
Three niont %s after we have seen the millions of acre- 

Sa 7 e development of the country is limited by the mini- 

The Gila River is our third problem. 
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steam shovels, supplies. As the river rises slowly any 
nak oint in the defences is noted and reinforcement 
mshe 2 in. The Gila on the contrary is a flashy stream. 
A big, general rain over Arizona, especially if it finds 
snow to melt, will start a flood overnight. In January, 
1916, the flow of the Gila, entering the Colorado just 
above Yuma, increrased from 1,300 second-feet to nearly 
200,000 second-feet in five days. There is little time to 

repare for such a flood, t6 build up an organization to 
ht it. Da erously high st es in the Gila have 

nately the river drops almost as fast as it rises. A break 
in the levees may cause damage but i t  can be soon mended. 
Where the Colorado floods are formidable for weeks, the 
Gila floods are measured in days. 

These roblems can be solved. In  the great canyon 

a number of favorable sites where a dam could impound 
a whole year’s flow of the river. It is estimated that the 
power development alone would pa for such a dam. At 
present there are many matters in B ispute over the huild- 
mg, questions as to best location. (ls to water and power 
control, aa to State rights and national rights, as to 
Government or rivate construction. But these ques- 

its building will pass the problem of floods and low water 
in the lower Colorado River. A river shorn of its floods 

b occurred but %me times in the T ast 20 years. Fortu- 

of the Co P ordo  which crosses northern Arizona there are 

tions can be sett P ed and the dam will be built, and with 

and the coming 

Ssi. 466.W (282 .2711  
TIDAL BORE AT MOUTH OF COLORADO RIVER 

DECEMBER 8 TO IO, 1923 

By JAMES H. GORDON 
[Weather Bureau, Tnmi, A r k  Deeemher lW23] 

The lower delta c.ountry, as observed on this tri , is a 
great level lain so flat that the elevation probabrv did 

The ruts which 
formed the road furnished the greatest \-ariation in ele- 
vation observed. The plain is almost entirely destitute 
of plant growth. -4 liberal estimate would be one sinall 
hush to even- hundred acres. There was a strong wind 
blowing. bfy hat went off. One of tho men sprang 
after it, but was distanced. Because of recent rains it 
was unsafe to leave the road and follow “cross country.” 
We did not follow the road which trended southeast 
while the hat went straight south. The hat was kept 
in sight for more than 3 miles and in thzit distance there 
had not been so much as a bush to check i t  in its mad 
Ai ht. This to illustrate the character of the country. 
l’fere are no recognizable channels (icross it ewe t owa- 
sional draina e lines a few inches deep. Water Y rom the 

cross this plain to reach Laguna Salada, which they are 
su posed to feed. The elevation of the lain is given as 

La Bomka. 

not vary a P oot in the 25 miles crossed. 

Colorado at B ood times and from overflow tides must 

8 g e t  at’the northern end and 7 a little (E stance south of 

While crossing this open count Pinto Mountain was 

high, rising abru tly from the western ed e of the lain 
just south of t E e entrance to Laguna %ala,. ft is 

spotted with big patches of sand, some pro rtes!iuels ably ullv 
normally dark in color with its steep slopes 

an acre in extent. Apparently the high north winds 
blowing down the Laguna Salada Valley ick up nearly 
their maximum load of sand. Eddies an B swirls on the 
lee side of the mountain check the wind velocity enough 
to cause a dropping of the sand load. Time did not 
permit a close study of the mountain. 

About 3 milea from La Bomba the road ran into water. 
It was shallow but extensive, so we left the cars and waded. 
The water was nowhere more than 6 inches dee under- 
laid with a very adheshe mud, and covere 8’ perhaps 
half of the distance. A few “islands” were fair1 dry. 

tidal overflow of two nights previous and would require, 
w e  were told, two more days to drain off. 

The city ” of L s  Bomba, the “seaport ” of this section 
of Moxico with two small steamers a week, consists of 
soven s m d  buildings, including a radio station, and at the 
time of our rieit boasted five inhabitants and seven auto- 
mobiles and trucks. The “port” is a slushy, crumbling 
river bank. I did not witness the method of unloading 
freight but with a normal tidal ran e of fullv 12 feet, 

hank to work fram it must present many difficulties. 
The frei h t  brought in is mostly li uor for the border 

flooded about 6 inches deep every new moon, we were 
told, and at times of high water in the river it is cut off 
for weeks at a time. It is soon to be linked with MaxiCali 
hy Government-built milroad, much of tlie grading has 
been done. but it can never be much of a port. St 
present it seems to be the onlv oint which may be 

observed. 
We readied La Bomba at 11.30 a. in. December 9. 

-4 strong, cold north wind was blowin and having taken 
the lay of the land, measured the hei& of the bank and 
set stakes bv which to judge the bore we took shelter 
in the lee oi one of the houses. A mountain chain of 
inany interlocking ranges lies some 8 miles to the west 
and was remarkably impressive and beautiful in the 
sandstorm haze. From our shelter it was possible to 
see some distance down tlie river. 

The coming of the bore was first called to our attention 
by the disturbance among a bi flockof white pelicansfully 

told. The brown line of the bore itself was visible with 
the lass a t  perhaps 3 miles. Its speed appeared to be 

pointing. This was doubtless due in some measure to 
the strong north wind that had been fighting the tide 
a11 the way up the Gulf. Up to the moment that the 

strongly seaward. In an instant it was revemed an 3 bore, or first wave, arrived the current was mni 

ritcing up the river. The bore was not over 3 feet high, 
a r m n  wave fully a mile long, foam crested and erhaps 
ai foot B iigher over the shallows and sand bars. fn  deep 
water it was like a ground swell appnrentlj- running (vuet- 
the outgoing tide and river current. The lack o turmoil 
between f i e  two opposite currents urn a w - n g .  Le level 
of the rker rose 3 feet in the first m u t e  and 5 feet in 
1.5 minutes. The bank was 15 feet h at low tide. 
The hi h tide of two nights previous h 2 filled the chan- 
ne1 an% overflowed the surrounding country 6 inches 

observed. It is an isolated pe s 1,500 to 1,800 feet 

The rest of the way was mud. The water came 1 rom a 

strong river and tidal currents and on H y a crumbling mud 

towns w a ile fish are shipped sou&. The “city” is 

reached by automobile from wkc R the bore may be 

6 miles away. Fish alwrrys f ollow the bore in, we were 

near$- P 8 miles an hour. -4s a spectacle it waF disap- 


